Study design: Retrospective study. Objectives: The purpose of this study was to identify the clinical factors for differentiating malignant from benign intramedullary spinal cord tumors. Setting: Niigata, Japan. Methods: We conducted a retrospective review of charts and images. Preoperative paralysis including walking ability, urinary function, magnetic resonance imaging (MRI) findings and pathological diagnosis were evaluated in 33 consecutive cases of intramedullary spinal cord tumor, and the clinical factors that were useful for differentiating malignant from benign tumors were identified. Results: Early progression of paralysis was the most valuable feature for differentiating malignant from benign tumors. Malignant tumors were suspected in only three of ten cases on the basis of MRI findings. Conclusion: Simple assessment of walking ability is easy to perform and is useful for predicting the pathological malignancy of intramedullary tumors of the spinal cord.
INTRODUCTION
The treatment of malignant intramedullary tumors is challenging. Because of the invasive nature of such tumors, and the fact there is no barrier in the spinal cord, complete excision is very difficult in most cases, and surgical techniques that are usually performed for benign tumors have a risk of causing subarachnoid dissemination. On the other hand, most benign tumors can be surgically excised, and the functional prognosis is relatively good. Hence, preoperative differentiation of malignant tumors is important. In this study, we investigated the clinical factors that are useful for diagnosis of malignant intramedullary tumors, and found that simple assessment of walking ability was valuable.
MATERIALS AND METHODS
This retrospective study included 33 consecutive cases of intramedullary spinal cord tumor treated in one University Hospital from 1989 to 2009. For the purposes of the study, cases with a pathological diagnosis of grade I were considered benign, and those that were grade III or IV were considered malignant. Cases of grade II astrocytoma, or those for which the pathological diagnosis was unclear, were excluded. For each case, we reviewed the charts, pathology reports and magnetic resonance imaging (MRI) findings. Preoperative paralysis, walking ability, period from the onset of symptoms to gait inability if the patient was non-ambulatory, urinary function, MRI reports by radiologists and pathological diagnosis were investigated. Preoperative neurological status was graded using a standardized functional scale (Table 1) . 1,2 Urinary dysfunction was graded according to the Japanese Orthopedic Association score for cervical compressive myelopathy. 3 Neuropathologists in the Department of Pathology, Brain Research Institute, Niigata University, made pathological diagnoses basically according to the 2007 World Health Organization (WHO) classification and grading scheme. 4 Data were analyzed using GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA). Numbers of ambulatory and non-ambulatory cases in each group were compared using the w 2 -test. T-test was used for analysis of the period from disease onset until patients became non-ambulatory. Factors potentially useful for differentiating malignant from benign tumors were then identified.
RESULTS
The pathological diagnosis was malignant in 10 cases ( Table 2) . Seven of these ten cases were high-grade malignant tumors, including glioblastoma and malignant lymphoma, and three were grade III glioma (anaplastic astrocytoma). In 23 cases, the tumors were diagnosed as benign. There were 3 grade 1 astrocytomas, 12 ependymomas, 7 hemangioblastomas and one subpial schwannoma.
Preoperative neurological status of each group is shown in Table 3 . Twenty one cases of benign tumor were classified as grade 1 or 2 on the standardized scale, and the patients were able to walk without any assistance. One patient was able to walk with the help of a cane, and only one patient (4.3%) with a benign tumor could not walk. However, 9 of the 10 patients (90%) with malignant tumors were unable to walk (grade 4). The ratio of non-ambulatory patients was significantly higher in the malignant tumor group (Po0.0001). Another patient with a malignant tumor (anaplastic astrocytoma, WHO grade III) was able to walk but only with the assistance of a cane (standardized scale grade 3). The period from onset until a patient with a benign tumor becoming non-ambulatory was 82 months. Nine of the patients with malignant tumors, including all seven showing high-grade malignancy, became non-ambulatory within 90 days from the onset of symptoms, and 8, including all seven high-grade malignancy, became non-ambulatory within 60 days from onset ( Table 2 ). The average period from onset until a patient becoming non-ambulatory was 28.9 days for high grade (WHO grade IV), and this was significantly shorter than 97 days for WHO grade III glioma (Po0.02) (Figure 1) .
All of the patients with malignant tumors had urinary dysfunction. Seven were rated as having complete retention, two had severe disturbance and one had mild disturbance (Table 4 ). The pathological diagnosis in the latter case was anaplastic astrocytoma (WHO grade III). Urinary dysfunction was observed in only 2 of the 23 benign cases, and in both cases the dyfunction was rated as mild (Table 4 ). The ratio of severe disturbance and complete retention was significantly higher in the malignant tumor group (Po0.0001).
We reviewed the preoperative MRI reports for all cases. From the MRI findings, malignancy was suspected in only three of the 10 patients with malignant tumors. Although syrinx was not observed in 10 patients with malignant tumor, cystic lesion was observed within the tumor in one case.
We concluded that preoperative paralysis, especially walking ability and urinary dysfunction, and early progression of paralysis are useful factors for differentiation of malignant from benign tumors. Becoming non-ambulatory within 3 months from symptom onset and severe urinary disturbance were considered to be signs of malignant intramedullary tumor.
DISCUSSION
Malignant intramedullary tumors are rare. However, their prognosis has been reported to be poor because of metastasis or central nervous system dissemination. [5] [6] [7] [8] Preoperative recognition of malignant tumors is important for selection of the treatment, because in malignant cases conventional surgical resection has a risk of causing dissemination and local recurrence. Radiation therapy might be recommended without biopsy when diagnosis of metastatic intramedullary tumor is highly suspected from the history or images. 8 Although surgical treatment of malignant intramedullary tumors, especially primary malignant tumors, is extremely difficult, transection of the spinal cord has been advocated, and can be a lifesaving option in some cases. 9, 10 In the present series, progression of paralysis was rapid in almost all patients with malignant intramedullary tumors, and this was well reflected in their loss of walking ability. Similar findings have been reported in the cases with malignant astrocytomas, 1,5,11 a malignant lymphoma 12 and metastatic tumors. 8, 13 One reason for this rapid progression of paralysis is probably related to the fact that there is no barrier to tumor infiltration within the spinal cord. Another reason is the relatively small diameter of the cord. The corticospinal tract can be easily damaged because of its anatomical proximity, even if a tumor occurs in another part of the spinal cord, whereas this situation does not always arise in the brain.
Radiological differentiation of malignant from benign tumors, or radiological assessment of tumor grade in the central nervous system, is reported to be difficult, and this was also the case in the present Differentiation of malignant intramedullary tumor T Ito et al study. 14 Pathological diagnosis of biopsy samples from intramedullary tumors is sometimes difficult because biopsy of the central nervous system may cause neurological deficit, and thus any biopsy specimens tend to be very small. 6 It is also possible that the final pathological diagnosis might change later from initial diagnosis of central nervous system biopsy. 6, 14, 15 If clinical progression does not match the expected prognosis, the original pathological diagnosis should not be adhered to. If a patient is able to walk several months after the onset of symptoms and the initial pathological diagnosis is one of malignant intramedullary tumor, it is prudent to reconsider the diagnosis. Alternatively, if the pathological diagnosis is astrocytoma and the patient becomes unable to walk only 2 months after onset, it is possible that the biopsy specimen might not have been obtained from an appropriate part of the tumor. Rapid progression of paralysis is thus a more valuable clinical indicator for differentiating a malignant from a benign intramedullary tumor, than radiological or pathological information. Metastatic tumor, malignant lymphoma, malignant glioma or other malignant tumor should be highly suspected if patients's paralysis is very rapid especially when patients have gait disturbance within 2 months after the onset of neurological symptoms. Early recognition of the rapidness of the paralysis might facilitate the early diagnosis of malignant tumors before patients become non-ambulatory.
Conditions other than intramedullary spinal cord tumors including anterior spinal artery syndrome, neuromyelitis optica 16 and sarcoidosis, 17 and so on, sometimes show acute or subacute progressive myelopathy and MRI findings mimicking intramedullary tumor. Careful differential diagnosis is necessary and biopsy should be considered before treatment.
CONCLUSION
Rapid progression of paralysis, especially walking ability, is a useful clinical factor for differentiation of malignant from benign intramedullary tumors.
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